Purpose: The purpose of this study was to assess whether preoperative chronic renal failure (CRF) affects the rates of postoperative complications and survival after liver transplantation. Methods: This population-based retrospective cohort study included 2,931 recipients of liver transplantation performed between 1998 and 2012, enrolled from the Taiwan National Health Insurance Research Database. Patients were divided into two groups, based on the presence or absence of preoperative CRF.
Introduction
Liver transplantation is currently a mainstay treatment of hepatoma and hepatic failure worldwide. 1, 2 In liver transplantation recipients (LTRs), renal insufficiency may increase the duration of intensive care unit (ICU) stay, incidence of postoperative stroke, infection, and even therapeutic cost. [3] [4] [5] [6] [7] [8] [9] Additionally, a higher mortality rate was reported in patients with renal insufficiency. 4, 9 Nevertheless, renal injury that is most commonly discussed in this population is that related to immunosuppressive agents that are routinely administered to LTRs. [10] [11] [12] [13] [14] To the best of our knowledge, there are relatively few population-based studies on postoperative outcome and long-term follow-up of LTRs with preoperative renal failure. 15, 16 Our population-based cohort study was designed to analyze the mortality rate and intraoperative and postoperative complications related to preoperative renal failure in LTRs.
Materials and methods
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Chung et al data from this database. All of Taiwan's National Health Service hospital management data, including admissions, can be obtained. We conducted a retrospective, populationbased, cohort study from the NHIRD. The database contains basic patient information and hospital medical data of the raw hospital medical claims, including clinical diagnostic codes based on the International Classification of Disease, Revision 9, Clinical Modification (ICD-9-CM). According to the National Health Insurance, a transplant surgeon or gastroenterologist must diagnose patients who require liver transplant.
This study was evaluated and approved by the institutional review board of Chang Gung Memorial Hospital (CGMH-103-0102B) and the NHIRD research committee (NHIRD-103-103). As per institutional review board guidelines all personal information was fully encrypted; therefore, patient informed consent was exempted. study design Figure 1 shows the flowchart for patient identification and selection. LTRs were identified from the NHIRD using ICD-9-CM codes V427 (liver transplant status) and 996.82 (complications of transplanted liver) between July 1998, when liver transplant was first paid for by health insurance in Taiwan, and December 2012. Over this period, 4,086 LTRs were registered in the NHIRD. This prospective group of patients was reviewed, and LTRs who did not undergo transplantation in Taiwan were excluded. Applying this criterion, 1,148 patients were excluded due to the absence of a liver transplant surgery code (505, 75020A, 75020B). The final study cohort consisted of 2,938 LTRs.
We separated our patients into two groups, LTRs with chronic renal failure (CRF) and without CRF. We defined the group with CRF based on preoperative diagnostic codes for CRF (ICD-9-CM 585, V451, V56) or management of dialysis codes (ICD-9-CM 38.95, 39.27, 39.42, 39.95, 39.43, 54.98). We excluded patients having only the diagnostic code for acute renal failure (ICD-9-CM 584). Based on this classification, the cohort study consisted of 123 patients with CRF and 2,808 patients without CRF.
Preoperative medical comorbidities were identified from diagnosis in outpatient departments or inpatient departments. All diagnoses were verified using the ICD-9-CM codes as follows: hypertension (ICD-9-CM 401-405), pulmonary diseases (ICD-9-CM 490-496, A323, A325), diabetes mellitus (ICD-9-CM 250, A181), cerebrovascular disease (ICD-9-CM 430-438, A291-A299), coronary heart disease (ICD-9-CM 410-414, A279), congestive heart failure (ICD-9-CM 428, A289), vascular disease (ICD-9-CM 443, 444, A302), chronic hepatitis (ICD-9-CM 070, 571, 573.3, A347), and esophageal varices (ICD-9-CM 456). Postoperative medical morbidities were also verified using the ICD-9-CM codes as follows: bacteremia (ICD-9-CM 038, 998.5), pneumonia (ICD-9-CM 480-486), and postoperative bleeding (ICD-9-CM 998.0-998.2).
Measurements
Primary outcome measures were estimated survival rates during the first postoperative year and the overall 14.5-year 
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Preoperative renal failure on liver transplantation follow-up period. Other outcomes included duration of stay in the ICU, total duration of hospital stay, bacteremia, postoperative bleeding, and pneumonia during the hospitalization period. Long-term adverse effects after the hospitalization period included bacteremia, cerebrovascular disease, and coronary heart disease. Outcomes were compared between patients with and without CRF. Survival time was calculated from the date of liver transplantation surgery to the date of death.
statistical analysis
Between-group differences in the distribution of demographic data, coexisting medical conditions, use of inpatient medical services (including length of hospitalization and ICU stay), and rates of postoperative complications were evaluated using t-test, chi-squared test, or Fisher's exact test, as appropriate, for the type and distribution of the data. Kaplan-Meier estimates with log-rank tests were used to compare between-group survival during the follow-up period. For the analysis of mortality, patients were followed up until an event (death) or censoring (loss to follow-up or end of the follow-up period), whichever occurred first. All analyses were performed using SAS software (version 9.3; SAS Institute Inc., Cary, NC, USA), with a two-sided P-value ,0.05 considered to be statistically significant.
Results
The demographic data reported in Table 1 show that LTRs with CRF were commonly diagnosed with hypertension, diabetes, or coronary heart disease. Figures 2 and 3 show the unadjusted Kaplan-Meier survival curves after liver transplantation during the first postoperative year and over 14.5-year follow-up, respectively. The estimated survival rate of LTRs with CRF was significantly lower than that of LTRs without CRF (P=0.0413 and 0.0085, respectively). Table 2 shows the outcomes during hospitalization. Duration of stay in the ICU and hospital was not significantly different between the groups. Incidence of bacteremia, pneumonia, and postoperative bleeding was also not significantly different.
Morbidities after the hospitalization period are listed in Table 3 . The rates of cerebrovascular disease and coronary heart disease were not significantly different between the groups.
Discussion
Patients with renal disease are assumed to have a higher rate of cardiovascular mortality, and patients with renal disease accompanied by diabetes are expected to progressively worsen over time. [17] [18] [19] The global dialysis population was estimated to be approximately 1.1 million in 2001, and the size of this population was expected to increase by 7% per year. 20 The study was designed to evaluate the impact of preoperative renal failure on the LTRs. The 2002 cohort study of 20,281 patients from Nair et al was the most recent large population-based study to evaluate preoperative kidney failure in LTRs; 16 it primarily analyzed the survival rate of patients receiving liver transplantation. Our findings 
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Preoperative renal failure on liver transplantation confirm and extend those of Nair et al. 16 In our cohort study of 2,931 patients, we studied not only the survival rate but also intraoperative and postoperative complications during 14.5-year follow-up. Consistent with previous findings, we found that the estimated survival rate was significantly lower in LTRs with CRF.
In Table 1 , it was not surprising to note that hypertension, diabetes mellitus, coronary heart disease, and alcoholic hepatitis were common in the CRF group. Diabetes is the leading cause of renal failure, and alcoholic hepatitis is also a common cause, and hypertension and coronary heart disease are related to pathophysiology of renal failure. 21, 22 Diabetes induces renal damage and coronary heart disease, and thus, patients with diabetes-related renal failure are expected to have a higher rate of coronary artery disease. CRF group with hypertension, diabetes, congestive heart failure, and alcoholic hepatitis is suggested to be associated with renal dysfunction or comorbidities. In addition, there were no patients in group with CRF who received renal transplantation.
During the hospitalization period, there was no significant difference between the groups in terms of postoperative bleeding, bacteremia, or pneumonia, suggesting that preoperative renal failure in LTRs might not affect the coagulation system or the incidence of infection in the perioperative period. ICU stay and hospital stay were also not significantly different between the two groups. Previous reports found that preoperative renal insufficiency prolonged the ICU stay and cost; we considered that the health care policy of different countries might play an important role in this regard. 23, 24 In Taiwan, almost 99.9% of the population are included in the government health insurance plan, and the hospital stay and ICU stay are tightly controlled because of the fixed and limited annual budget for medical expenses of each hospital. Postoperative cerebrovascular disease and coronary heart disease were not significantly different between the groups (Table 3) . Patients with preoperative coronary heart disease were excluded from the analysis. Post-liver transplant morbidities of LTRs with or without CRF were similar in the present study. Cerebrovascular disease and coronary heart disease may lead to increase in postoperative mortality. It remains to be determined in further studies. Although incidences of these postoperative complications were similar between the groups in our study, we speculate that LTRs with preoperative renal failure might have a poorer prognosis and higher mortality rate, thus leading to lower estimated survival rate. This remained to be determined in a further study.
Our study has several limitations. NHIRD is a database that primarily collects claim codes for reimbursement; thus, we could only identify the patient with codes for CRF and dialysis but not the laboratory data to evaluate their renal function in detail, such as creatinine clearance, a commonly used indicator of renal failure. 17 The characteristics of complications also could not be identified based on the codes used, such as thrombotic versus hemorrhagic cerebrovascular disease. The severity of complications such as coronary heart disease or bacteremia is strongly related to patient mortality; however, we could not determine disease severity based on the codes used in the database. 
Conclusion
Our results indicate that survival rate in LTRs is related to preoperative CRF. In our cohort study, LTRs with CRF had a significant lower estimated survival rate than that of LTRs without CRF despite similar rates of bacteremia, pneumonia, coronary heart disease, and postoperative bleeding.
